One major drawback of the use of satellite communications is that, at frequencies above 10 GHz (that is, the K-bands and above) 
I. INTRODUCTION
Quadrature amplitude modulation (QAM) is the modulation scheme being used by most digital cable channels for transmission. These channels are encoded and then transmitted through television service providers, such as Digital TV, to their destination [4] . QAM modulation is both an analog and a digital modulation scheme that transmits either two analog message signals or digital signals by varying the amplitude of the carrier signal through amplitude modulation [4] . These two carrier waves are called quadrature carriers because they are out of phase with each other by 90 degrees, the modulated signal is the summation of both phase shift keying and amplitude shift keying [1] , [5] . QAM scheme is popular among telecommunication system providers because of their high spectral efficiencies based on the chosen constellation size. M-ARY QAM modulation is a type of modulation that makes use of different M-number of modulation schemes depending on the pre-set conditions [3] , [5] .. Assuming the two message signals are 1 ( ) and 2 ( ). 1 ( ) is multiplied in phase with and the second message signal 2 ( ) is multiplied in quadrature with , both signals are then added to obtain the QAM signals just as illustrated in the Figure  1 .
Mathematically, QAM expression is as given in equation (1)
Coherent detection is done at the receiver side to recover the original signal sent, low pass filtering removes the high frequency components leaving the needed signals. The advantages QAM has over the other forms of data modulation is that it efficiently manages the bandwidth and it is able to carry higher data rates. Analog QAM is used in NTSC and PAL televisions whereby the components of Chroma are ISSN: 2348 -8379 www.internationaljournalssrg.org Page 2 carried simultaneously while digital QAM is used in radio communication systems. QAM disadvantages includes susceptibility to noise, because it needed linear amplifiers to maintain linearity, it consumes more power [6] .
II. MODULATION AND DEMODULATION SIMULATION
The modulation was carried out using Rectangular QAM modulation scheme, where the values of M was varied from 8, 16 and 64. QAM modulation uses two quadrature carriers in transmitting signal therefore, to transmit 16 different possible bits will be achieved by using symbol of 4 bits, that is, 2 where N=4 [2] , [5] . Therefore QAM can be used to generate 2 possible distinguishable symbols. The illustration is as given in equation (2)
Where and 0 are the two quadrature amplitudes of the QAM modulator, and are the two carriers, and is the transmitting power of the signal. To demodulate the transmitted signal of QAM modulation, the received signal was first raised to fourth power after which a band pass filter with a center frequency coupled with a frequency divider to recover the quadrature carriers as given in equation (3) 
The signal is then passed through a band pass filter 
The Table 2 shows for different Rain diameter range the implementation of the system by varying the modulation schemes and the resultant attenuation range in (dB) 
III. RAIN DROPS SIZE DISTRIBUTION
The drop size distribution was derived from the raw power received by the radar given in equation (5) ISSN: 2348 -8379 www.internationaljournalssrg.org Page 3
where ∆ℎ is the range (height) resolution, is the number of the range gate, is a calibration function containing radar specific parameters, ∆ is the spectral reflectivity density, that is, the backscatter cross section per volume and per frequency, and ∆ is the frequency resolution. The Doppler Spectra are resolved into 64 lines as given in equation (6) = 10 10 (6) where indicates the line number(0 ≤ ≤ 63), is called logarithmic spectral volume reflectivity. The spectral reflectivity density is then defined in equation (7) , = Δ (7) where Δ = 30.52 Using the generalized form, in which the height dependent density correction for the fall velocity (ℎ) Atlas (1973) is defined in equation (8) = 9.65 − 10.3 exp −0.6 (ℎ) for 0.109 ≤ ≤ 6 (8) Using the America Standard Atmosphere conditions for the height dependence of air density and making use of the relation of [8] (ℎ) under these assumptions is defined as in equation (9) ℎ = [1 + 3.68 × 10 −5 ℎ + 1.71 × 10 −9 ℎ 2 ] (9) where ℎ is given as height The spectra reflectivity can also be calculated from the drop diameter using the expression given in equation 
Dividing equation (13) by gives the expression in equation (14) = (14) where is the Drop size distribution, and is the single particle backscattering cross section of rain drop of diameter .
IV. EQUIVALENT RADAR REFLECTIVITY FACTOR
The equivalent radar reflectivity factor is defined by the equation given in (15) = 
where is the radar wavelength, | | 2 is the dielectric factor of water which is 0.93, ∆ is the spectral reflectivity density, and is radar reflectivity per unit volume. In the limit of small drops (Rayleigh approximation), is equal to the 6 ℎ moment of the drop size distribution given in equation (16) = ( )
where is the number of drops per unit volume with diameters in the interval , Z is calculated on the basis of the drop size distribution measured by the Micro Rain Radar using equation (17).
V. RAIN RATE
This is the rate at which water reaches the ground or the rate of accumulation of water per unit time ( ℎ ) . It is also defined as the number of raindrops falling in a particular region per unit time. It is measured in mm/hr. The differential rain rate is equal to the volume of the differential droplet number density multiplied with the terminal falling velocity ( ). Where the differential droplet number density is given in equation (18) = 6 ( ) 3 (18) From this product, the rain rate is obtained by integrating over the drop size using the formula given in equation (19) = 6
VI. LIQUID WATER CONTENT (LWC)
The liquid water content is the product of the total volume of all droplets with the density of water , divided by the scattering volume. It is therefore proportional to the third moment of the drop size distribution. This is calculated by using the formula given in equation (20) rain cell size is related to the signal wave length passing through it. It has been revealed that, signal attenuation during rain events occurs when the wavelength of the signal being propagated is less than the diameter of the rain drop. It then gets absorbed by the rain cell when it passes through it [7] . This phenomenon, also known as scattering, results when the rain cell diameters are larger than the wavelengths of the transmitted signals.
VII. SCATTERING OF SIGNALS BY RAIN DROPS
Scattering of signals by rain drops is also known as depolarization of signals which is caused by the differential attenuation and differential phase shift by different rain drop sizes [10] .These above scattering parameters can be deduced by estimating the forward scattering of rain drop [11] as given in equations (21) and (22) Differential attenuation is given by is the vertical component of propagation constant, and is the path length through the medium. This path length is taken to be 5.4 km according to [11] in their research and the expression given to these parameters is as indicated in equation (23) ℎ, = 2 ℎ, ( ) (23) Where ℎ, denotes the forward scattering amplitudes in both horizontal and vertical direction for rain drops with DSD ( ) and is the equivolumetric radius of a drop of rain.
Often times this fading effect is caused by the shape of the rain drop which is also related to fall velocity and drop breakup and also by the rain intensity. This theory was postulated from the measurements that were made while the rain drops were falling in the air stream of a vertical wind tunnel, and some were made when the drops attained their terminal velocity after falling from a sufficient height (~12m) in stagnant air [7] . From the experiment carried out by [9] , it was revealed that water drops above 1.0mm in radius were of oblate spheroids shape with a flattened base and those below were spherical in shapes which least affects signal propagation. [9] were able to establish the fact that as a result of the presence of water vapor molecules, water droplets cause signal attenuation. Attenuation is determined not by how much rain that is falling, but by the size of the rain cell diameter. This rain attenuation is obtained step wisely as shown below:
The height of theℎ in (Km) is as given in equation (24) ℎ = ℎ + 0.36 (24) where ℎ is the 0˚C Isotherm height above sea level [15] .
The slant path , below the freezing rain height is as indicated in equation (25) 
where ℎ is the location height (Km) above sea level, is angle of elevation of the micro rain radar or disdrometer measured in degrees.
To realize a better accuracy of slant path using elevation angles less than 5˚, then the equation (26) is preferred
where Re = 8500Km. [12] .
The horizontal projection , of the slant path length is given by equation (27) as
The rain intensity, 0.01 ( /ℎ ), exceeded for 0.01% of an average year, using 1-min integration time from the rain rate data is used to calculate the specific attenuation in equation (28) 
where and α parameters are dependent on rain drop size distribution, frequency and polarization of the signal, and rain temperature which could be obtained from [15] .
where is given by equation (29)
And α is determined from equation (30)
ISSN: 2348 -8379 www.internationaljournalssrg.org Page 5 where propagation constant in the horizontal plane, is the propagation constant in the vertical plane, andt parameter is the angle of polarization tilt with respect to the horizontal (t = 45˚ for circular polarization).
Also the horizontal path adjustment factor, 0.01 for 0.01% 0f the time is calculated using equation ( 
where is frequency in (GHz)
The adjusted rainy path length, (Km), through rain is now given as shown in equation (32) The predicted attenuation exceeded for 0.01% for an average year is given in equation (37) 0.01 =
The attenuation estimated to be exceeded for the other percentages of an average year, in the range 0.001% to 10% is then obtained from the attenuation to be exceeded for 0.01% for an average year a given in equation ( 
where is the percentage probability of interest and is given in equation (39) and (40) for 
Rain attenuation is calculated using the power law relation given in equation (41) = (41) Where " " and " " are the regression coefficients given by [13] , [14] . where = 12.2903 and = 0.2973 for the frequency range of 1-100 GHz. Figure 2 shows attenuations at 1-5 dB using 64-QAM modulation scheme, at SNR of 30 dB, 1 dB attenuation has a BER of 10 −6.7 , while 2 dB attenuation has a BER of 10 −5.7 , 3 dB attenuation has a BER of 10 −5.6 ,4 dB attenuation has a BER of 10 −5.5 , 5 dB attenuation has a BER of 10 −5.45 . Figure 4 shows attenuations at 1-5 dB using 8-QAM modulation scheme, at SNR of 30 dB, 1 dB attenuation has a BER of,10 −7.4 while 2 dB attenuation has a BER of 10 −6.6 , 3 dB attenuation has a BER of 10 −6.4 , 4 dB attenuation has a BER of 10 −6.1 , 5 dB attenuation has a BER of 10 −5.9 .
VIII. RESULTS
From Figures 2-4 , it can be deduced that the higher the attenuation the higher the BER. The performances of these modulation schemes was also compared and the results is as shown in the Figures 5-9 . ISSN: 2348 -8379 www.internationaljournalssrg.org Page 7 
IX. CONCLUSION
The simulation results showed that the higher the attenuation the higher the BER and the BER increases with increase in the order of the M-ARY QAM modulation. That is, with reduction in the Euclidean distance between the constellation points. Hence, the bit error rates performance of 8-QAM is the best without and with rain attenuation which implies that 8-QAM has a better performance in that its BER is low compared with 16-QAM and 64-QAM. It could also be deduced that, the more the transmitting power (SNR) the lesser the error (BER) at any value of SNR.
